> Army Corps
Engineers

.
“E | @
MISCELLANEOUS PAPER HL-88-11

SARDIS LOWER LAKE ROCK WEIR

Hydraulic Model Investigation

by
Deborah R. Cooper

Hydraulics Laboratory

DEPARTMENT OF THE ARMY
Waterways Experiment Station, Corps of Engineers
PO Box 631, Vicksburg, Mississippi 39181-0631

November 1988
Final Report

Approved For Public Release; Distribution Unlimited

DTIC

ELECTE
. JAN 3 11989

M
89 1 30 085

prepared tor IJS Army Engineer District, Vicksburg
Vicksburg, Mississippi 39181-0060




Destroy this report when no longer needed. Do not return
it to the originator.

The findings in this report are not to be construed as an official
Department of the Army position unless so designated
by other authorized documents.

The contents of this report are not tc be used for

advertising, publication, or promotional purposes.

Citation of trade names does not constitute an

official endorsement or approval of the use of
such commercial products.




Unclassified
SECURITY CLASS FICATON OF Tr § PAGE

REPORT DOCUMENTATION PAGE

Form Approved
OMB No 0704-0188

1a REPORT SECURITY C_ASSIF CATION
Unclassified

b RESTRICTIVE MARKINGS

23 SECURITY CLASSIFICATION AUTHORITY

3 DISTRIBUTION / AVAILABILITY OF REPORT

2b DECLASSIFICATION / DOWNGRADING SCHEDULE

Approved for public release; distribution
unlimited.

4 PERFORMING ORGANIZATION REPORT NUMBER(S)

Miscellancecous Paper HL-88-11

S MONITORING ORGAN:ZAT.ON REPORT NUMBER(S)

6a. NAME OF PERFORMING ORGANIZATION
U'SAEWES

Hydraulics Laboratory

6b OFFICE SYMBOL
(If applicable)

CEWES~HS-S

7a NAME OF MONITORING ORGANIZATION

6¢c. ADDRESS (City, State, and ZIP Code)

7b ADDRESS {(City. State. and ZIP Code)

ORGANIZATION

(if applicable)
USAED, Vicksburg

CELMK~ED-HD

PO Box 631
Vicksburg, MS 139181-0631
Ba NAME OF FUNDING. SPONSORING 8b OFFICE SYMBOL 9 PROCUREMENT INSTRUMENT IDENTIFICATION NUMBER

8c. ADDRESS (City, State, and 2/P Code)

FO Box 60

Vickeburg, MS 39181-0060

10 SOURCE OF FUNDING NUMBERS

PROGRAM PROJECT
ELEMENT NO NO

TASK
NO

WORK UNIT
ACCESSION NO

11 TITLE (Include Security Classification)

Sardis Lower Take Rock Weir; Hydraulic Model Investigation

12 PERSONAL AUTHOR(S)
Cooper, Dehorah R.

13a TYPE OF REPORT
Final report

13b TiIME COVERED
FROM _ 1987 TO_1987

14 DATE OF REPORT (Year, Month, Day)
November 1988

'S PAGE COUNT
30

16 SUPPLEMENTARY NOTATION

Available from National Technical Information Service, 5285 Port Royal Road, Springfield,

including 105 ft of the approach and 225 ft of

VA 22161,
17 COSATI CODES 18 SUBJECT TERMS (Continue on reverse |f necessary and identify by block number)
FIELD GROUP SUB-GROUP
i Hydraulic model Rock welr
Riprap on slopes
*9. ABSTRACT (Continue on reverse if necessary and identify by block number)

A l:15-scale hydraulic model simulated a 75-ft-wide center section of the rock weir

the exit channel. Various gradations of

riprap were tested to determine riprap protection requirements on the upstream and down-
stream slopes, the side slopes, and in the exit channel.
thick blanket of riprap remained stable through the full range of operation.
also indicated that despite the long flat downstream slope (1V on 10H), there was no
likelihood of a hydraulic roller forming downstream of the weir.

Tests indicated that a 36-in.-
Observations

20 DISTRIBUTION / AVAILABILITY OF ABSTRACT

B uncrassirieomunumiTed  [J SaME AS RPT J oTiC USERS

21 ABSTRACT SECURITY CLASSIFICATION
Unclassified

22a. NAME OF RESPONSIBLE INDIVIDUAL

22b TELEPHONE (Include Area Code) | 22¢ OFFICE SYMBOL

DO Form 1473, JUN 86

Previous editions are obsolete.

SECURITY CLASSIFICATION OF THIS PAGE

Unclassified




PREFACE

The model investigation reported herein was authorized by the US Army
Engineer District, Vicksburg (LMK), on 3 September 1987. The studies were
conducted in the Hydraulics Laboratory (HL) of the US Army Engineer Waterways
Experiment Station (WES) during the period September to November 1987 under
the direction of Messrs. F. A. Herrmann, Jr., Chief, HL, and G. A. Pickering,
Chief of the Hydraulic Structures Division. The tests were conducted by
Mrs. D. R. Cooper, who also prepared this paper, and Mr. R. Bryant, Jr., both
of the Spillways and Channels Branch, under the direct supervision of
Mr. N, R. Oswalt, Chief of the Spillways and Channels Branch.

During the course of the investigation, Messrs. J. Sanders and
S. Vowinkel, LMK, visited WES to discuss test results and correlate the
results with design studies.

COL Dwayne G, Lee, EN, is the Commander and Director of WES.

Dr. Robert W. Whalin is the Technical Director. |
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CONVERSION FACTORS, NON-SI TO SI (METRIC) UNITS OF MEASUREMENT

Non-SI units of measurement used in this report can be converted to SI

(metric) units as follows:

Multiply

cubic feet
feet

inches

miles (US statute)

pounds (mass)

By
0.02831685
0.3048

25.4
1.609347
0.4535924

To Obtain
cubic metres
metres
millimetres
kilometres

kilograms
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SARDIS LOWER LAKE ROCK WEIR

Hydraulic Model Investigation

PART I: INTRODUCTION

The Prototype

1. The proposed rock weir will be placed in the Little Tallahatchie
River just downstream of its confluence with the Sardis Lower Lake (Figure 1).
It will have a clay core, will be capped with graded riprap, and will be con-
structed in the dry. Water will be permanently impounded behind it with flow
continuously over its crest.

2. The weir will be 250 ft long* by 10 ft wide with 1V on 3.5H side
slopes. The weir crest elevation will be at el 201l**, The approach slope of
the weir will be 1V on 4H with an exit slope of 1V on 10H, Riprap will be
placed down the upstream slope to el 190, over the weir crest, and for 185 ft
downstream of the weir center line. The model limits and the general plan and
profile of the portion of the weir investigated in the model study are shown
in Plates 1 and 2, respectively.

Purpose of the Model Study

3. Although the design of the Sardis Lower Lake Weir was based on sound
hydraulic design practice, model analysis of its performance was desired to
evaluate the performance of the long flat downstream slope. This section
model investigation was concerned particularly with flow conditions in the

approach and exit, and embankment and channel protective stone requirements.

Presentation of Data

4. 1In the presentation of the test results, no attempt was made to

* A table of factors for converting non-SI units of measurement to SI
(metric) units of measurement is presented on page 3.
** All elevations (el) and stages cited herein are in feet referred to the
National Geodetic Vertical Datum (NGVD).




introduce the data in the chronological order in which the tests were con-
ducted. Instead, as each element of the structure is considered, all tests
conducted thereon are described in detail, All model data are presented in

terms of prototype equivalents,




PART 1I: THE MODEL
Description

5. The section model of the Sardis Lower Lake Weir (Figure 2) was con-
structed to a linear scale ratio of 1:15 and reproduced a 75-ft-wide center
section of the proposed 225-ft-long rock weir and topography in an area ex-
tending 105 ft upstream and 380 ft downstream from the center li;e of the weir
(Plate 1), The weir was molded of sand with a sheet metal cut-off wall
through the center line of the crest and capped with riprap as shown in
Plate 2, The welr was located in a 5-ft-wide plexiglas flume. This permitted
better visual observation and evaluation of the hydraulic performance of the

weir,

Appurtenances

6. Water used in the operation of the model was supplied by pumps and
the discharges were measured by orifice plates. Discharges in the model were
based on unit discharges over the weir in the prototype. Water-surface eleva-
tions were obtained with point gages. Velocities were measured using a pitot
tube gset midway between the crest elevation (el 201 NGVD) and the upper pool
elevation for the various discharges. Current patterns were determined by
means of dye injected into the water and confetti sprinkled on the water

surface.

Interpretation of Model Results

7. The accepted equations of hydraulic ~imilitude, based upon the
Froudian criterion were used to express the mathematical relations between the
dimensions and hydrauvlic quantities of the model and the prototype. The gen-
eral relations expressed in terms of the model scale or length ratio, Lr’ are

presented in the following tabulation:




:15 scale model

1

Figure 2,




Dimension Ratio Scale Relations
Length Lr 1:15
Area A = L2 1:225

r T

. 3

Weight wr = Lr 1:3375
Velocity v_ = Li/z 1:3.8730
Discharge Qr = Lilz 1:871.425
Time T = LI/2 1:3.8730

r r

8. Quantitative measurements of discharge, water-surface elevation,
and velocity in the model were converted to prototype dimensions by means of

the above scale relations.

Test Procedure

9. Tests were conducted in the model to observe flow conditions down-
stream of the rock weir and protective riprap requirements for discharges of
50 to 7,500 cfs in combination with various tailwater elevations. In observ-
ing the flow conditions, several constant discharges were introduced into the
model, the tailwater was varied, and the upper pool elevation was measured for
each condition. Tests were conducted to measure the upper pool elevation for
discharges up to 7,500 cfs. The water-surface elevations were measured using
point gages located 143 ft upstream and 370 ft downstream of the weir crest
center line,

10. Velocities were measured over the crest center line with a pitot
tube halfway between the crest elevation and the upper pool elevation for dis-
charges of 800, 1,500, 3,000, 4,500, 6,500 and 7,500 cfs, using the channel
tailwater rating curve data provided by the Vicksburg District (Table 1),

11. Riprap stability tests were¢ run using these same channel tailwater
rating curve data as provided by the Vicksburg District (Table 1). The dis-
charge was introduced into the model and the tailwater was set. The model was
operated for 12 continuous hours at this condition and the model was inspected

for any damage to the ripran,




PART III: TEST RESULTS

The Weir

12, The details of the rock weir are shown in Plate 2. The weir crest
was 15 ft above the channel floor with a 1V-on-4H upstream face, a flat 10-ft-
wide crest and a 1V-on-10H downstream face.

13. Tests were conducted to observe the hydraulic performance of the
rock weir for discharges of 50 to 7,500 cfs in combination with various tail-
waters ranging from about 1 ft below the minimum tailwater elevation and 1 ft
above the normal expected tailwater, as provided by the Vicksburg District
(Plate 3). Logs 3-ft~long and having an average simulated weight of 20 1lbs, a
plastic boat simulating a l4-ft-~long boat with a total weight of 772 lbs and a
flat-bottomed boat simulating a 12-ft-long boat with a total weight of 276 1bs
were alternately introduced 95 ft upstream of the crest center line and their
mode of passage over the welr was recorded. For discharges up to and includ-
ing 2,500 cfs, the water flowed over the cut-off wall and down through the
riprap so that the riprap remained exposed as shown in Photos 1- 4, Each
object became lodged against the exposed riprap after passing over the cut-off
wall (see Photo 5). For discharges over 2,500 cfs, through the full range of
tailwaters, each object flowed on downstream of the crest. The presence or
absence of a roller downstream of the crest was initially determined by ob-
serving submerged flow patterns and the objects' behavior once they had passed
over the crest of the rock weir. For discharges up to and including
3,000 cfs, an eddy formed along the right side of the model where the weir toe
intersected the natural slope of the bed (about 95 ft downstream of the weir
center line). A dye stream introduced downstream of the rock weir indicated
that, while there was some return flow, no roller was present., Because there
were no tendencies of excessive hesitation downstream of the weir and/or
flipping of the test objects, it was concluded that no roller will form down-
stream of the rock weir crest with a 1V on 10H downstream slope through the
full range of operation.

14, The discharge characteristics were determined by introducing vari-
ous constant discharges (based on unit discharge) into the model and observing

the corresponding upper pool elevation for various tailwater elevations.

10




Sufficient time was allowed for stabilizatlon of the upper pool elevation.
Basic calibration data are shown in Plate 4.
15. Velocities over the weir crest center line for the channel tail-

water rating curve data (Table 1) are tabulated in Table 2.

Riprap Requirements

16. Details of the riprap protection in the approach area and the down-
stream channel are shown on Plate 2, For all tests, the approach area, weir
crest and 135 ft downstream of the crest center line were covered with protec-
tive stone simulating prototype stone with an average weight of 130 1lbs. For
an additional 50 ft, the exit channel was covered with stone with an average
weight of 25 1lbs. Riprap gradation curves for all riprap used in tests are
plotted in Plates 5 and 6, respectively. The riprap remained stable during
all discharges using the channel tailwater rating curve data in Table 1.

17. The model was revised to include the left 1V on 3.5H side slope, a
50-ft-wide section of the 250-ft-wide rock weir and topography in an area ex-
tending 138 ft upstream and 215 ft downstream from the center line of the weir
(Plate 7). For all tests, the side slopes were covered with protective stone
simulating prototype stone with an average weight of 130 lbs. The protection
for the rock weir remained the same (Plate 8). The riprap remained stable
during all discharges using the channel tailwater rating curve data in
Table 1.

11




PART IV: DISCUSSION

18. The Sardis Lower Lake Weir will essentially be submerged during all
phases of operation. Because of this and the long flat downstream slope,
there was some concern that a potentially dangerous roller would develop on
the downstream face of the weir. Tests with dye streams injected into the
flow and several objects introduced over the weir indicated that although a
small eddy was present at discharges of 50 to 3,000 cfs, there was no roller
present through the full range of operation.

19. Protective stone with an average weight of 130 1lbs placed on the
upstream face and along the weir for 135 ft downstream of the crest center
line, immediately followed by a 50-ft length of protective stone in the exit
channel with an average weight of 25 1lbs, remained stable through the full
range of operation.

20. Protective stone with an average weight of 130 1bs placed on the 1V
on 3,5H side slopes remained stable through the full range of operation,

2l. It 1is recommended that a 36-in.-thick blanket of protective stone
with an average weight of 130 1bs be placed on the 1V on 3.5H side slopes, 1V
on 4H approach slope, over the crest and 135 ft downstream of the crest center
line immediately followed by a 50-ft-length of protective stone in the exit
channel with an average weight of 25 lbs.

12




Table 1

Channel Tailwater Rating Curve Data*

Discharge, Q
cfs

50
200
800

1,500
3,000
4,500
6,500
7,500

Tailwater el Duration of Flow,
ft, NGVD hr
192.5 12
193.3 12
195.7 12
197.5 12
201.8 12
202.9 12
205.0 12
205.8 12

* Data represent the expected tailwater elevation which will occur 1if pro-
posed channel improvements are made in the Little Tallahatchie River.

Table 2

Velocity Measurements

cfs

800
1,500
3,000
4,500
6,500
7,500

TW EL

ft, NGVD

195.7
197.5
201.8
202.9
205.0
205.8

\'/

Avg V MAX
Across Across
Weir C Weir C
L L
fgs fgs
5.3 6.9
6.5 7.8
7.6 8.8
8.4 8.9
8.4 9.1
8.4 8.5

NOTE: Velocities measured halfway between crest elevation (el 201) and upper
pool elevation.
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Photo 5. 14~ft-long boat lodged on exposed riprap
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